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ABSTRACT 
This study evaluated the effects of hydrophilic polymers on the root-
ing of chrysanthemum cuttings. The polymers GPC 35-B-100, SGP 104, and 
Viterra II were used in conjunction with perlite, vermiculite, and 60:40 
peat:perlite as rooting media. In addition, the effect of the polymers on 
easy-, intermediate-, and difficult-to-root cultivars of chrysanthemum 
was studied. Root quality of individual cuttings was determined using a 
visual rating scale which was developed as part of this study. The root-
ing of cuttings under polyethylene tenting vs. intermittent mist as af-
fected by hydrophilic polymers as rooting media amendments was also 
studied. 
Results show the polymers have little effect in any of the test situa-
tions regardless of medium type or polymer concentration. The differences 
in rooting ability between chrysanthemum cultivars were not altered by the 
presence of polymers. The polymers had little or not effect on the rates 
of rooting under polyethylene as opposed to intermittent mist. 
Other conclusions are that intermittent mist encourages better rooting 
than polyethylene tenting and that vermiculite ard 60:40 peat:perlite are 
better rooting media than perlite. The visual rating scale developed as 
part of this study was tested and shown to be accurate in predicting root 
length and number. 
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GENERAL INTRODUCTION 
In the United States, the production and sale of floricultural crops 
is a multi-billion dollar industry with plants such as chrysanthemums, 
carnations, and roses being the frontrunners of the industry (55). How-
ever, it should be noted that, like most other industries, the horticul-
tural industry is trying to maximize profits whenever and wherever pos-
sible~ Factors such as rising fuel and production costs have most segments 
of the industry constantly seeking new products and methods that will al-
low the production of high quality horticultural products in quantity as 
cheaply and efficiently as possible. 
Production of most horticultural crops requires large quantities of 
water for good plant growth. Therefore, products and methods which can 
reduce total water consumption are invaluable to producers. Hydrophilic 
polymers have the potential to reduce total water usage by increasing the 
waterholding capacity of soils and soilless mixes. The use of the polymers 
may also result in increases in interwatering intervals and decreases in 
labor costs. 
This study deals with the potential use of hydrophilic polymers as 
amendments for propagation media. The major objective is to determine if 
the polymers, when present in certain rooting media, can reduce total water 
usage without sacrificing the quality of rooted cuttings being produced. 
This study was done in three parts. The first section deals with the de-
velopment of a visual rating scale for evaluation. of root growth. The 
second section deals with the rooting of easy-, intermediate-, and dif-
ficult-to-root cultivars of chrysanthemum as affected by the presence of 
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hydrophilic polymers in the rooting medium. The final section deals with 
the rooting of chrysanthemum cuttings under a tent of clear polyethylene 
vs. intermittent mist as affected by the presence of hydrophilic polymers 
in the rooting medium. 
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GENERAL LITERATURE REVIEW 
Evaluation of Root Quality 
The evaluation of root growth is often very difficult since roots 
are not as freely accessible as other plant parts. Measurements such as 
root fresh weight and dry weight have a built-in margin of error because, 
in most cases, it is impossible to completely remove particles of medium 
from the roots. It is also generally accepted that water and salt uptake 
are more closely related to surface area or total length than to weight 
(45, 51). Direct measurement and the inch counter method of measurement 
give accurate measures of root length, but both require large amounts of 
time to complete (51). There is a method of indirect measurement called 
the 1 ine-intercept method, developed by Newman, which, in comparison to 
direct measurement methods, also gives accurate results (45, 51). Tennant 
described modifications of Newman's technique designed to reduce the amount 
of time necessary to complete sampling, but even this modified form can 
be time consuming with plants that have a large number of roots (62). 
Measurements are also possible with a device called a rhizometer. The 
rhizometer measures the reduction in light transmission to a photoelectric 
cell caused by the root mass of a plant (28, 41). 
Many researchers have devised visual rating scales for determining 
root quality based on a number of different criteria (20, 40, 47). These 
scales tend to be quicker and easier to use than any of the aforementioned 
methods, especially where the researcher has a large number of treatments, 
replications, and/or observations. For the most part, these scales are 
not equatable with other growth parameters such as root number, length, or 
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weight, and therefore, lose credibility, reproducibility, and applicability 
to other experimental situations. 
Propagation Methods 
Today, the maJority of propagation is done under intermittent mist be-
cause of the excellent rooting, reduction of disease and insect problems, 
and rooting uniformity obtainable with this method (7, 19, 28, 31, 32, 59, 
60). However, problems with the mechanical system (11, 68), leaching of 
metabolites from shoots (23, 63), excessive or insufficient water supply 
(30, 46, 65), and excessive cutting elongation (22, 23) may cause the 
propagator to seek other methods of propagation which will eliminate these 
problems without creating new ones. One possible alternative to intermit-
tent mist is to root the cuttings in an environment of high relative humid-
ity where the cuttings remain turgid without having excess moisture pres-
ent (7). Propagation under double glass, one form of this method, was 
widely used before the development of mist techniques (30, 32, 65). After 
its discovery, polyethylene replaced double glass as a covering because of 
its flexibility and ease of use. Polyethylene also allows oxygen and car-
bon dioxide exchange with the external atmosphere, helping to prevent 
stagnation of the air within the chamber, which easily occurs under double 
glass (10). Several researchers have had success in using polyethylene 
chambers, and they discuss both the positive and negative aspects of this 
method (10, 25, 56, 61, 64). The major negative aspects are: a) the 
propagator must avoid high irradiance which results in dangerously high 
temperatures within the chamber; b) a high degree of sanitation must be 
maintained in and around the chamber because of the higher risk of disease 
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problems; and c) the rooting medium must have the proper moisture level to 
insure rooting without having excess moisture present. The positive as-
pects are: a) this method can give root growth similar to that obtainable 
under mist; b) unwanted elongation of cuttings is decreased, and c) leach-
ing and chlorosis of the cuttings are eliminated. 
Propagation Media 
Among the most important factors to be considered for the successful 
rooting of cuttings is the type of rooting medium used (4, 26, 28, 66). 
The rooting media not only affect the growth of the roots, but also affect 
cutting survival during rooting, the type of root system developed, and 
the transplantabil ity of the rooted cutting (52). Propagators use a wide 
variety of materials as rooting media and, since no one medium is ideal 
for all plants under all conditions, most of these materials will probably 
continue to be useful in the future, especially where the rooting medium 
serves other functions (4, 28, 52, 66). Presently, sand, perlite, vermicu-
lite, and peat, either alone or in combination with other materials, 
are the most widely used propagation media. 
Perlite 
Perlite is a volcanic material which is neutral in pH, has little 
buffering capacity, no cation exchange capacity, and no available mineral 
nutrients (28, 42, 69). It is most often used as an amendment to improve 
the drainage and aeration of media because of its coarse texture (28, 42). 
Perlite alone is a poor growth medium for seedlings and usually causes 
cuttings to produce short, brittle roots (18, 35). Although perlite has 
some associated dust problems, it is still widely used for propagation 
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under mist because it has good drainage and does not become waterlogged 
( 18 ' 28 • 54 ) . 
Vermiculite 
Vermiculite is a sterile, light weight material which is neutral in 
pH, has a good buffering capacity, a high cation exchange capacity, and 
good water absorbing capabilities (28). The major problem with vermicu-
lite is that it is easily compacted resulting in reductions in drainage 
and aeration (48). 
Peat 
Peat is the most widely used medium for plant growth and, to be 
usable, it must: a) be able to hold and supply large quantities of water, 
b) be structurally adapted to entrap large volumes of air, and c) have the 
capacity to adsorb and retain nutrients in available forms (50, 53). Peat 
is a variable material in regard to pH, cation exchange capacity, composi-
tion, structure and other physical and chemical properties and this often 
leads to management problems (6, 49, 50, 53). Generally, peat as a root-
ing medium will induce the formation of long, slender, well-branched roots, 
but peat alone as a rooting medium becomes difficult to control because 
of drainage and aeration problems, especially under wet conditions (28, 
33, 38). Bluhm also identified a problem with disease organisms in peat 
and discussed how their presence helps increase the variability of peat 
(6). He concludes that, although peat is essentially sterile, pasteuriza-
tion may be both economical and beneficial. Peat is most often used in 
combination with other materials which improve its drainage and aeration 
( 6' 28 ' 38' 54) . 
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Hydrophilic Polymers 
Among the many potential uses for hydrophilic, or "water-loving 11 , 
polymers are their possible use as amendments to plant growth media. Their 
benefits are derived from their water-holding capabilities \'lhich enable 
them to make water more available to the plants while not seriously affect-
ing the aeration of the medium. Harrett and King conclude that hydrophilic 
polymers may provide an improved growth medium which may aid seed germina-
tion, contribute to the growth of young plants, and reduce the tendency of 
compacted soils to lose aeration, nutrient permeability and moisture per-
meability (27). They list the characteristics which usable polymers must 
possess. These are: a) it must be non-phytotoxic; b) it must swell upon 
contact with liquids, solutions or suspensions; c) it must retain liquids 
and solutions within its matrix and release them into an environment which 
lacks them; and d) it must consist of a matrix of cross-1 inked polymers. 
The major benefit derived from the polymers is that they may allow plants 
to be more resistant to moisture stress since the roots, by growing into 
the polymer matrix, come into direct contact with a large water reserve 
(27). There are a number of polymers in use at present and the three used 
in this study will be discussed in the following sections. 
35-B-100 
Polymer 35-B-100 is one member of a series of polymers developed by 
Grain Processing Corporation, Muscatine, IA (24). This polymer is a 
starch polyacrylonitrile graft copolymer with corn starch as the starch 
backbone. In solution, it has a pH of 7 to 8.5 and is capable of absorb-
ing 90 ml of water per gram of polymer. The main disadvantages associated 
8 
with this polymer are its short life in most media, usage costs, and dif-
ficulties with incorporation into certain media. 
SGP 104 
SGP 104 is the commercially available form of a series of polymers 
commonly known as 11 Super Slurpers". These polymers were first developed 
at the U.S.D.A. Northern Research Laboratory and, like 35-B-100, are 
starch polyacrylonitrile graft copolymers {1, 2, 3). SGP 104 is currently 
being produced and marketed by the Henkel Chemical Corporation, Minneapolis, 
~1N. SGP 104 is capable of absorbing 700-900 ml of di sti 11 ed \va ter per gram 
of polymer and other polymers in this series may absorb as much as 2000 ml 
per gram of polymer {1, 2, 12). These 11Super Slurpers 11 have been tested 
with many plant and soil types with varying degrees of success. They have 
been shown to improve the waterholding capacities of sand and sandy soils 
enabling them to produce better crops grown under irrigation (12, 39), im-
prove corn and soybean yields (43), and improve the growth of sod {3). 
11 Super Slurpers 11 have also been shown to improve the quality and shelf-life 
of potted and bedding plants (15, 27). 
The "Super Slurpers 11 have similar problems to those of 35-B-100, and 
they also have a problem with dispersibility. However, the SGP 104 form 
has improved water dispersibility in comparison with the other forms 
(Earl Skinner, Henkel Chemical Corp., Minneapolis, MN, personal communica-
tion, 1980). 
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Viterra II 
In the 1960s, a product called Agricultural Hydrogel Concentrate 50G 
was developed by Union Carbide Corporation. Later~ it became known as 
Viterra Hydrogel and, after extensive research and development, an improved 
form was released under the trade name Viterra II. Viterra II is a 99.5% 
ai potassium propenoate propenamide copolymer capable of absorbing up to 
130 times its weight in distilled water with 90% being available for up-
take by roots ( 21, 44). Vi terra II, and its earlier forms, were tested 
with a number of different plant and soil types. Researchers found them 
to give increases in the shelf life of plants of 11 to 100% (5, 14, 21, 
57), increases in plant size (5, 16, 36, 43), increases in the waterhold-
ing capacities of certain soils (5, 8, 67), increases in interwatering 
intervals (14, 16, 21), decreases in total water usage (36, 57), and in-
creases in fruit set and yield (8, 37). It was also originally thought 
that Viterra Hydrogel could increase nutrient uptake in plants, but studies 
by Chan showed this to be untrue {8, 9). 
The chemical structure of Viterra II was engineered so that the poly-
mer would have, in addition to its water absorbing capabilities, three 
other specific properties which would improve its usability as a soil 
amendment (Donald Greene, Pan American Plant Co., West Chicago, IL, person-
al communication, 1980). The first of these properties is that the parti-
cles of Viterra II are coated with a water degradable hydrophobic material 
which allows the polymer to be mixed with moist media, which is not 
possible with the other polymers. The second property is that Viterra II 
has a specific degree of particle hardness which prevents the crushing of 
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the polymer matrix by the weight of heavy media. The third property is 
that Viterra II is milled to a certain particle size which helps the poly-
mer remain in larger pore spaces which prevents movement of the polymer and 
increases its effectiveness in improving water availability of most media. 
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INTRODUCTION 
Measurement of the root mass of a cutting is important in the evalua-
tion of the efficacy of rooting media and root-inducing chemicals. Direct 
measurement of individual roots, indirect estimation of root density, root 
fresh weight, and root dry weight are some of the possible methods of mea-
surement {34, 45, 51, 62). Quantitation of root density can also be ac-
complished with a rhizometer, an instrument which measures the reduction 
of light transmission to a photoelectric cell by a root mass (23, 41). 
Many researchers have devised visual rating scales for determining root 
quality based on a number of different criteria (20, 40, 47). When the 
researcher has a large number of observations, replications, and/or treat-
ments, these scales are usually faster and easier to use than the afore-
mentioned methods. However, few of these scales are equatable with param-
eters which directly measure root density. This causes loss in credibil-
ity, reproducibility, and applicability to other experimental situations. 
The objective of this study is to establish a visual rating scale for 
evaluation of root quality based on commercial acceptability, root length, 
and root number. 
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MATERIALS AND METHODS 
Unrooted cuttings of Chrysanthemum morifolium •Bright Golden Anne• 
were obtained courtesy of Yoder Brothers, Inc. The basal 1 em of each cut-
ting was dipped in a solution of 1000 mg/1 indole-3-butyric acid (IBA) and 
600 mg/1 a-hydroxyquinoline citrate (8-HQC) in 50 percent ethanol for one 
second. The basal 2 em of each cutting was inserted into either vermicu-
lite or perlite. Cuttings were rooted under intermittent mist and were 
illuminated nightly from 2200 to 0200 (4, 28). After rooting, the cuttings 
were removed from the medium and separated into 5 categories according to 
the criteria shown in Table 1. 
Table 1. Visual scale and criteria for evaluation of root quality 
Rating 
categories 
1 
2 
3 
4 
Commercial 
acceptability 
Not acceptable 
Not acceptable 
Not acceptable 
<2 roots/plant 
Not acceptable 
<2 roots/plant 
Minimally acceptable 
Poorly rooted 
Acceptable 
Moderately rooted 
Highly acceptable 
Well rooted 
Highly acceptable 
Excessive rooting 
Cutting 
appearance 
Dead 
Bottom ~ dead 
Alive 
No callus 
Alive 
Callused 
Alive 
Alive 
Alive 
Large, 
very hea 1 thy 
Root 
1 ength 
Short, most <1.5 em 
Medium, most 
<3.0 em 
Some long, most 
<4.0 em 
Many long, most 
1.5 to 5.0 em 
zsome cuttings in category 5 may be unacceptable because cutting size 
is too large. 
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The visual scale reflects changes in root density and commercial 
acceptability with Category 1 having the poorest rooting and acceptability 
and 5 having the best. Category 1 may be further subdivided, if necessary, 
into more descriptive categories as shown in Table 1 and the entire scale 
may be altered to accommodate the subdivisions. 
For each category, 200 cuttings were evaluated of which one-half were 
rooted in perlite and half in vermiculite. Roots of the individual cut-
tings were counted and measured and the mean root length tabulated for 
each cutting. For each category the average root number, grand mean root 
length, and the distribution of roots by length were determined. 
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RESULTS 
Table 1 shows the visual scale and the criteria upon which it is 
based. Tables 2 and 3 show that root number and mean root 1 ength obtai ned 
from experimental data equate well with the criteria of the visual scale. 
The ranges of these two variables show that overlap does occur between 
categories, especially in regard to root number. Overlap occurs when some 
plants fall into a lower category because they lack the necessary root 
1 ength even though they may have an adequate number of roots, and vice 
versa. Tables 2 and 3 also compare results obtained from cuttings rooted 
in perlite with those rooted in vermiculite. 
Table 2. Average root numbers for chrysanthemum cuttings in categories 2 
to 5 of visual scale for evaluating rooting 
Standard 
Means deviation 
(X) Range (s) 
r ?erlite 39.0 12-76 12.93 
2 I Vermiculite 36.5 6-62 12.40 
Combined 37.7 6-76 12.70 
'-
~Perlite 50.2 30-96 13.19 
3 Vermiculite 55.5 28-114 15.28 
L Combined 52.3 28-114 14.43 
[Perlite 55.7 33-99 14.87 
4 Vermiculite 66.2 31-119 14.16 
Combined 61.1 31-119 14.86 
lPerlite 67.2 29-136 19.16 
5 1 Vermiculite 92.6 54-154 20.60 
L r:ombi ned 79.9 29-154 23.27 
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Table 3. The grand mean root lengths for visual scale categories 2 
through 5 
i'1eans S.D. x Range s 
(em) (em) (em) 
~Perlite 1.8 <1. 5-2.2 0.14 
2 Vermiculite 1.6 <1.5-2.2 0.12 
Combined 1.7 <1.5-2.2 0.16 
[Perlite 2.1 1.7-2.8 0.20 
3 Vermiculite 2.1 1. 7-3.0 0.22 
Combined 2.1 1.7-3.0 0.21 
[Perlite 2.5 1.3-3.5 0.30 
4 Vermiculite 2.4 1. 9-3.4 0.27 
Combined 2.5 1.3-3. 5 0.29 
[Perlite 3.0 2.0-4.0 0.47 
5 Vermi cu 1 i te 2.8 2.0-4.0 0.40 
Combined 2.9 2.0-4.0 0.45 
The data show that the visual scale is not affected by the change from 
one medium to the other. Figure 1 shows examples of cuttings which are 
typical of each category, and Figure 2 shows the root distribution by 
length for each category. For category 2, the data show that 70% of the 
roots are less than 1.5 em in length with less than 1% exceeding 3.0 em. 
For category 3, 50% fall below 1.5 em in length with 30% between 1.5 and 
2.5 em and less than 1% exceeding 4.0 em. For category 4, about 33% of 
the roots are less than 1.5 em, 33% are 1.5 to 2.5 em, and 33% from 2.5 
to 5.0 em long. For category 5, 75% of the roots exceed 1.5 ern with about 
1% exceeding 6.0 em. 
• 
2 4 
Figure 1. Examples of cuttings from visual scale categories 2 through 5 
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Figure 2. Root distribution by length for visual scale categories 2 through 5 
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DISCUSSION 
The results obtained in this study show that the visual scale can ac-
curately predict root number and length. The overlap between categories 
(Tables 2 and 3) is due to (a) plants failing to meet all of the require-
ments for a specific category or (b) judgement errors by the researcher. 
These judgement errors can be significantly reduced by taking root lengths 
and numbers of those cuttings which cannot definitely be placed into a 
specific category and using those values to determine placement. 
As shown in Tables 2 and 3, there are only small differences between 
cuttings rooted in perlite as opposed to vermiculite. These small dif-
ferences indicate that the scale should allow comparisons between cuttings 
rooted in different media without a conflicting media scale interaction. 
Vermiculite and perlite were used because these media are easily removed 
from roots. These data should be applicable to mixtures approximating 60:40 
peat:perlite as well because data from other segments of this study show 
that vermiculite can give rooting responses similar to those of 60:40 peat: 
perlite. 
In an attempt to reduce the amount of labor necessary to evaluate the 
rooting of cuttings, some researchers will use very small sample sizes, or 
they will alter standard propagation procedures to prevent cuttings from 
producing a large number of roots (17, 29, 49, 58). This may aid there-
searcher in his studies, but it will strongly affect his ability to make 
inferences about commercial applicability from his data. Ideally, this 
visual scale should allow the researcher to use commercial propagation 
procedures, including the use of hormones and adequate sample sizes without 
20 
losing the ability to detect differences between treatments. t1oreover, 
by using commercial procedures he will improve his ability to make infer-
ences and recommendations from his research. 
The data show that, if properly used, the visual scale can be an ac-
curate and time-saving method of evaluating root quality. With modifica-
tions in the criteria and in the expected ranges for root number and 
length, the visual scale can become applicable to other types of plants in 
other situations. Establishing the visual scale, and the criteria upon 
which it is based first, and then making decisions on borderline plants by 
taking root measurements, will produce a scale which can give a fairly 
consistent rating method for evaluating root density without the laborious 
procedures of determining individual root numbers and lengths. 
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SECTION II. 
EFFECT OF HYDROPHILIC POLYMERS AS ROOTING MEDIA 
AMEND~1ENTS ON ROOTING OF EASY-, INTER~1EDIATE-, 
AND DIFFICULT- TO-ROOT CHRYSANTHE~~UM CUL TIVARS 
22 
INTRODUCTION 
The growth and establishment of roots on an unrooted cutting is af-
fected by a large number of factors including the propagation medium (7). 
The propagation medium directly affects the size and type of root system 
developed, cutting survival during rooting, and the transplantability of 
the rooted cutting (52). Since no ideal propagation medium exists, the 
propagator must select and modify available materials to suit his needs 
(52, 66). One method of modification is the incorporation of hydrophilic 
polymers into the medium which can improve its water holding capacity (5, 
8, 43, 67) and porosity (21, 39, 44) without reducing aeration (5, 21, 27). 
There are a number of hydrophilic polymers commercially available, but the 
usable ones must meet these criteria: a) be non-phytotoxic, b) consist of 
a matrix of cross-linked polymers, c) swell upon contact with liquids, 
solutions, or suspensions, and d) retain liquids within its matrix and re-
lease them into an environment which lacks them (27). This study involves 
the use of polymers 35-B-100, manufactured by Grain Processing Corp., Mus-
catine, IA, SGP 104, manufactured by Henkel Chemical Corp., Minneapolis, 
MN, and Viterra II, manufactured by Nepera Chemical Ca., Harriman, NY. 
The purpose of this study is to evaluate the effects of these three poly-
mers on the rooting response of easy-, intermediate-, and difficult-to-
root cultivars of chrysanthemum. 
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MATERIALS AND METHODS 
Unrooted cuttings of Chrysanthemum morifolium 'Bright Golden Anne', 
'Yellow Mandalay', and 'Improved Mefo' were obtained courtesy of Yoder 
Brothers, Inc., Barberton, OH. These are, respectively, easy-, intermedi-
ate-, and difficult-to-root cul ti vars (William Aul enbach, Yoder Brothers, 
Inc., Barberton, OH, personal communication, 1979). The basal 1 em of the 
cuttings was dipped for 1 second in a rooting hormone solution containing 
600 mg/1 8-hydroxyquinoline citrate in 50% ethyl alcohol with either 1000 
mg/1 or 2500 mg/1 indole-3-butyric acid (IBA). All solutions were adjusted 
to pH 6.0. The solution containing 1000 mg/1 IBA was used for cuttings of 
'Bright Golden Anne' and 'Yellow Mandalay' while the solution with 2500 
mg/1 was used for 'Improved Mefo'. After being dipped, the basal 2 em of 
the cuttings were inserted into polymer-amended perlite, vermiculite, or 
60:40 peat:perlite. Water was supplied as intermittent mist during day-
light hours. At the end of the 14 day rooting period, the cuttings were 
removed from the medium and root quality evaluated. 
The polymer-medium mixtures were prepared by uniformly incorporating 
GPC 35-B-100, SGP 104, or Viterra II into perlite, vermiculite or 60:40 
peat:perlite. The polymers were incorporated at concentrations of 0.0, 
0.1, 0.2, 0.4, and 0.8% of the total medium weight. Mixing was done while 
all ingredients, except peat, were dry. Incorporation of the polymers 
into peat:perlite was done in a slightly different way because of a prob-
lem known as "gumballing 11 • "Gumballing" occurs when certain polymers are 
mixed with a moist medium resulting in the formation of lumps of hydro-
philic polymer. These lumps are formed when partially hydrated particles 
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of polymer stick together and prevent the expansion of adjacent particles. 
Since water uptake is directly related to the expansion of individual par-
ticles, restriction of expansion results in a reduction in the efficiency 
of the polymers. To avoid this problem, dry polymer was first mixed with 
perlite and then mixed with the peat which eliminated 11 gumballing 11 and 
gave a more uniform mixture than if the dry polymer had been incorporated 
into pre-mixed peat:perlite. After mixing, the polymer-amended media were 
transferred to 10.2 em square plastic pots with each pot considered a rep-
licate. Each replicate received six cuttings with each cutting being an 
observation. Pots were placed on the propagation bench in three complete 
blocks, one for each cultivar, with each block consisting of three repli-
cates of each polymer-medium mixture and a total of 810 observations per 
block. Within each block, the pots were arranged in a completely random-
ized design surrounded by a two-pot border of unamended peat:perlite. 
Pots were placed pot-to-pot on the bench and the media were thoroughly 
soaked with tap water prior to inserting the cuttings to moisten the media 
and hydrate the polymers. During the rooting period, cuttings were il-
luminated nightly from 2200 to 0200 (4, 28). 
Root quality was determined using a visual scale ranging from 1 to 5 
(Table 1). The scale was employed because of the large number of roots 
produced per cutting and the large number of cuttings which made physical 
measurement of each individual root mass impractical. The scale reflects 
changes in the root density as well as overall commercial acceptability. 
The mean visual rating for the cuttings in a given replicate was deter-
mined and used in an analysis of variance procedure to determine 
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statistically significant differences between cultivars, polymers, polymer 
concentrations, media, and their interactions. The experiment was per-
formed 5 times during the summer and autumn of 1979 and winter and spring 
of 1980. 
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RESULTS 
There were small, inconsistent statistical differences between plants 
rooting in polymer-amended media vs. non-amended media (Table 4). There 
were some media x polymer and cultivar x polymer interactions; however 
no trends were detectable in either type of interaction. The concentration 
of the polymer had no effect on rooting so data concerning this parameter 
wi 11 not be presented. There were a few experiments with cul tivar x con-
centration and media x concentration interactions, but there were no 
trends detectable for either type of interaction. 
There were noticeable differences between cuttings rooted in the 
three media, and those cuttings rooted in peat:perlite usually rooted bet-
ter than those in vermiculite or perlite (Table 5). r~edia x polymer and 
media x concentration interactions were only occasionally present, but 
showed no significant trends. 
Table 4. Mean root quality values for chrysanthemum cuttings rooted in 
media amended with three hydrophilic polymers 
Experiment 
1 2 3 4 5 Combined 
GPC 35-BlOO 2.76 a z 2.72 ab 2. 93 a 2.62 b 2.80 a 2. 77 ab 
SGP 104 2.75 a 2. 71 b 2. 77 b 2.65 b 2. 77 a 2.73 b 
Viterra II 2.79 a 2.80 a 2.89 a 2.74 a 2. 79 a 2.80 a 
Controls 2.79 a 2.81 a 2.66 b 2.57 b 2. 79 a 2.72 b 
zMeans within columns followed by unlike letters are significantly 
different at the 5% level using Duncan 1s multiple range procedure. 
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Table 5. Mean root quality value for cuttings of three chrysanthemum cul-
tivars as affected by perlite, vermiculite and peat:perlite as 
rooting media 
Experiment 
1 2 3 4 5 Combined 
Bright Golden Anne 
Perlite 2.56 fz 2.57 de 3.01 b 2.03 ab 2.77 d 2.75 be 
Vermiculite 2.74 d 2.76 c 3.15 ab 2.95 a 2.78 cd 2.86 a 
Peat: perlite 2.85 be 2.97 a 3.24 a 2.70 b 2.86 b 2.92 a 
Yell ow ~~Ianda 1 a.l 
Perlite 2. 75 cd 2. 79 c 2.70 c 2.54 c 2.71 d 2. 70 cd 
Vermiculite 2.74 d 2.76 c 3. 05 ab 2.71 b 2. 77 d 2.80 b 
Peat:perlite 3.02 a 2.90 ab 3.17 cd 2. 36 d 3. 01 a 2.90 a 
ImEroved ~efo 
Perlite 2.60 ef 2.51 e 2.31 e 2.73 b 2.58 e 2.54 e 
Vermiculite 2.69 de 2.65 d 2.46 de 2. 72 b 2.76 d 2.66 d 
Peat: perlite 2.96 ab 2.83 be 2.53 cd 2.44 cd 2.85 be 2.72 cd 
All cultivars combined 
Perlite 2.64 cY 2.62 c 2.67 b 2.70 b 2.69 c 2.66 c 
Vermiculite 2.72 b 2. 72 b 2.89 a 2.79 a 2. 77 b 2. 78 b 
Peat:perl ite 2.95 a 2.90 a 2. 98 a 2.49 c 2.91 a 2.85 a 
z,yMeans within columns followed by unlike letters are significantly 
different at 5% level using Duncan's multiple range procedure. 
Table 6 presents data showing the differences in the overall rooting 
response of the three cultivars of chrysanthemum. It shows that 'Bright 
Golden Anne' roots as well or better than 'Yellow Mandalay' which, in turn, 
roots better than 'Improved Mefo. • Table 5 shows the breakdown of the 
medium response by cultivar. 'Bright Golden Anne' and 'Improved Mefo' 
present a trend showing the best rooting in peat:perlite, the worst rooting 
in perlite, and that in vermiculite being intermediate between them. 
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However, 1 Yellow Mandalay! in most instances did not root as well as ex-
pected in vermiculite and the rooting was roughly equivalent to that at-
tainable in perlite. In experiment 4, peat:perlite gave significantly 
poorer results than expected. This result is related to a change in the 
brand of peat being used during the study. 
Table 6. Rooting differences of a difficult-, intermediate-, and easy-to-
root cultivar of chrysanthemum 
Experiment 
1 2 3 4 5 
{July 79) (Sept 79) (Dec 79)(Feb 80) (Mar 80) Overall 
Bright Golden Anne 2.75b2 2. 76a 3.13a 2.83a 2.80a 2.85a "Easy 11 
Ye 11 ow Manda 1 ay 2.84a 2.81a 2. 98b 2.54c 2.83a 2.80b 11 Intermediate 11 
Improved Mefo 2.72b 2.66b 2.43c 2.63b 2.73b 2.64c 11 Difficult" 
Mean for experiment 2.77~ 2.75b 2 .85a 2.66c 2.79b 
2Means within columns followed by unlike letters are significantly 
different at 5% level using Duncan's multiple range procedure. 
YMeans in this row followed by unlike letters are significantly dif-
ferent at 5% level using Duncan's multiple range procedure. 
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DlSCUSSION 
The data show that no consistent differences occur between polymer 
treatments regardless of cultivar, concentration, or medium type (Table 4). 
Polymer 35-B-100 may be at a slight disadvantage in comparison with the 
other polymers since on an equal weight basis, 35-B-100 absorbs less water. 
Therefore, this polymer may have better effects at concentrations higher 
than those used in this study. However, with concentrations above the 
levels used in this study, the question of economic feasibility becomes 
more important. It should be noted that, although there are statistical 
differences between polymer treatments and the controls, the differences 
are usually too small and inconsistent to be of commercial concern. 
The differences between media types are large enough to be of commer-
cial concern and, statistically, vermiculite and peat:perlite are better 
for the rooting of chrysanthemum cuttings than is perlite. This is con-
sistent with results from other researchers who compared the efficacy of 
perlite with other rooting media (35, 42, 69). Differences between root-
ing obtainable in perlite and that obtainable in peat:perlite are large 
enough to warrant earlier removal of those cuttings in peat:perlite from 
the bench. This means that with peat:perlite the propagation area can be 
turned over more frequently, which increases profits. 
Table 5 shows the effects of medium on the rooting of the different 
cultivars. In some experir.1ents, 'Yellow ~1andalay' did not root as well in 
vermiculite as might be expected and perlite frequently yielded results 
that were as good or better than those in vermiculite. This suggests that 
'Yellow ~1andalay' is more sensitive to some naturally occurring inhibitory 
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agents present in vermiculite than either 'Bright Golden Anne' or 'Improved 
Mefo'. 
Data from experiment 4 show a decline in root quality for cuttings in 
60:40 peat:perlite when compared with results from the other experiments 
(Table 5). This is due to the use of a different brand of peat in this 
experiment which gave poorer rooting than the brand used in the remainder 
of the study. These differences in the properties of peat obtained from 
different sources are well-documented by researchers (6~ 28, 42, 53). 
In accordance with their commercial descriptions (W. Aulenbach, Yoder 
Brothers, Inc., Barberton, OH, personal communication, 1980), the data 
show that 'Bright Golden Anne' and 'Yellow r,1andalay' root better and more 
easily than 'Improved Mefo' (Tables 5 and 6), and, in most cases, 'Yellow 
Mandalay' rooted as well as or better than 'Bright Golden Anne'. However, 
because of its greater sensitivity to different factors such as media, 
'Yellow Mandalay' must be considered as intermediate in ease of rooting. 
Table 6 shows that rooting responses for 'Bright Golden Anne' and 
I Improved r1efo I change with the time of year. The data show that I Bright 
Golden Anne' roots better during winter (note: rooting in experiment 4 
was subnormal), 'Improved r·1efo' roots better during the summer, and 'Yel-
low Mandalay' does not respond to seasonal changes as do the other culti-
vars (Table 6). 
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SECTION li I. 
EFFECT OF HYDROPHILIC POLYMERS AS ROOTING MEDIA 
Ar·1ENDMENTS ON ROOTING OF CHRYSANTHEr~UM 
CUTTINGS UNDER INTERMITTENT MIST 
vs. POLYETHYLENE TENTING 
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INTRODUCTION 
The majority of p 1 ant propagation done today is under in term it tent 
mist. However, mist propagation has a number of problems, and propagators 
are seeking new propagation methods or improved forms of older methods 
which can be considered viable alternatives to intermittent mist (11, 22, 
23, 32, 46, 60). One alternative method is propagation under a tent of 
polyethylene (10, 13, 56, 61, 64). Polyethylene allows oxygen and carbon 
dioxide exchange with the external atmosphere while restricting the move-
ment of both gaseous and liquid water (10, 56). The major problems with 
polyethylene are an increased chance of disease epidemics and the destruc-
tion of plant tissue by excessively high temperatures in the tents. The 
high temperatures are created when infrared radiation is trapped inside 
the polyethylene tent (11, 66). Success in the use of this method is de-
pendent upon a number of factors such as avoiding high irradiance, main-
taining abnormally high levels of sanitation, and the selection and main-
tenance of the proper medium so that it supplies sufficient annunts of 
moisture to the cuttings while rooting (10, 13, 56, 61, 64). 
Hydrophilic polymers, when used as soil amendments, improve the water 
holding capacity of the medium (5, 37, 43), regulate water movement within 
the medium (27, 36, 39), and improve both medium structure and porosity 
(5, 44}. These properties improve the capacity of most media to hold and 
regulate large quantities of water in available forms for subsequent plant 
use. These polymers may be usable to help control moisture levels in root-
ing media. They may also be useful in propagation under polyethylene to 
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control the movement of moisture. In either capacity, the polymers may 
increase rooting uniformity and/or rooting percentages, 
The purpose of this study is to evaluate the potential use of poly-
ethylene as an alternative propagation method as affected by the incorpora-
tion of hydrophilic polymers into the rooting media. 
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MATERIALS AND ~1ETHODS 
Unrooted cuttings of Chrysanthemum morifolium 1 Bright Golden Anne 1 
were obtained courtesy of Yoder Brothers, Inc., Barberton, OH. These cut-
tings were treated in the same manner as those used in Section II of this 
study. Polymer-medium mixtures were prepared as in Section II of this 
study and placed on the propagation bench in two complete blocks. Each 
block consisted of three replicates of each polymer-medium mixture plus 
the unamended controls surrounded by a two-pot border row of unamended 
peat:perlite. Within each block, the replicates were arranged randomly 
and placed pot-to-pot. Each replicate received 6 cuttings or observa-
tions for a total of 810 observations per block. 
After the pots were in place, they were thoroughly watered to moisten 
the media and fully hydrate the polymers. All cuttings were then inserted 
and the entire propagation bench rewatered. One block was then given 
intermittent mist and the other covered with a tent of polyethylene. The 
polyethylene was held approximately 15 em above the tops of the pots and 
sealed around the edges to deter the movement of moisture. During the 
rooting period, cuttings were illuminated nightly from 2200 to 0200. Tem-
peratures under the polyethylene tent as well as temperatures of the media 
and greenhouse were routinely monitored during the rooting period. 
Root quality was determined using a visual scale ranging from 1 to 5 
(Table 1). The scale was employed due to the large number of roots pro-
duced per cutting and the large number of cuttings involved which made 
physical measurement of the individual root masses impractical. The scale 
reflects changes in root density as well as overall commercial acceptability. 
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The mean of the ratings given to the cuttings in each replication was de-
termined and used in an analysis of variance procedure to determine statis-
tically significant differences between polymers, polymer concentrations, 
media, intermittent mist vs. polyethylene. and any interactions. The ex-
periment was performed 5 times during the winters and springs of 1979 and 
1980. 
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RESULTS 
Comparison of the two propagation methods shows that intermittent 
mist significantly improves rooting when compared to polyethylene cover-
ings (Table 7). The hydrophilic polymers are virtually ineffective in im-
proving rooting, and even though there are instances where there are sig-
nificant differences, they are not large enough to be of commercial con-
cern (Table 8). In a few experiments, polymer x propagation method inter-
actions are apparent, but no consistent trends are evident. 
The effects of media are highly significant in some experiments with 
60:40 peat:perlite giving the best results (Table 9). There are occasional 
interactions between media and propagation method. These interactions show 
that, under a polyethylene covering, given the correct set of conditions, 
differences between media can be accentuated (Table 9). Polymer type and 
polymer concentration interactions with medium are also evident, but show 
no clear trends. 
Table 7 best shows the seasonal variations in the rooting of cuttings, 
especially those cuttings under polyethylene. The fluctuations in rooting 
quality are mainly due to temperature, day length and light intensity 
changes which directly affect the temperature under the polyethylene tent 
(Table 10). 
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Table 7. Mean root quality values for chrysanthemum cuttings rooted under 
polyethylene vs. intermittent mist 
Intermittent 
Mist 
Polyethylene 
Tent 
Experiment 
Grand 
r1ean 
---------- Experiment ----------
1 2 
(March 79) (May 79) 
2 .82a z 2.91a 
2.24b 1.02b 
2.53aY 1.96c 
3 
(Jan 80) 
2.69a 
1. 60b 
2.14b 
4 
(Feb 80) 
2.83a 
2. 35b 
2.59a 
5 Combined 
(Apr 80) 
3.01a 2.85a 
1.44b 1. 73b 
2.22b 
zMeans for intermittent mist vs. polyethylene tent within columns fol-
lowed by unlike letters are significantly different at 5~& level using 
Duncan's multiple range procedure. 
YExperiment grand means in this row followed by unlike letters are 
significantly different at 5% level using Duncan's multiple range proce-
dure. 
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Table 8. Mean root quality values for chrysanthemum cuttings rooted in 
media amended with three hydrophilic polymers vs. unamended con-
trols under intermittent mist and polyethylene tenting 
Experiment 
1 2 3 4 5 Combined 
r,1; s t 
35-B-100 2.88a 2 2.95a 2.83a 2.81b 3.04a 2.90a 
SGP 104 2. 68ab 2.89a 2.64b 2. 77b 3.03a 2.80a 
Viterra II 2.88a 2.87a 2.67b 2.91a 2.99a 2.87a 
Controls 2.89a 2.99a 2.41c 2. 84ab 2.9.2a 2.81a 
Pol~eth.z::lene 
35-B-100 2.37c 1.00b 1.60de 2.31d 1.56b 1. 76b 
SGP 104 2.03d 1.02b 1.54ef 2.29d 1.41b 1.66c 
Viterra II 2.28c 1. 03b 1. 7ld 2.47c 1.33b 1. 76b 
Controls 2.42bc 1.03b 1.40f 2.23d 1.49b 1. 72bc 
Combined means 
35-B-100 2.62aY 1. 98a 2.21a 2.56b 2 .30a 2.33a 
SGP 104 2.35b 1.96a 2 .19a 2.53b 2.22a 2. 23b 
Viterra II 2.58a 1. 95a 2.09b 2.69a 2.16a 2.31a 
Controls 2. 66a 2. 01a l. 91c 2.54b 2. 21a 2. 26ab 
z,yMeans within columns followed by unlike letters are significantly 
different at 5% level using ~uncan's multiple range procedure. 
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Table 9. Hean root quality values for chrysanthemum cuttings rooted in 
perlite vs. vermiculite vs. 60:40 peat:perlite under intermit-
tent mist and under polyethylene 
Experiment 
1 2 3 4 5 Combined 
Mist 
Perlite 2.72bz 2.85b 2.66b 2.76b 2.88b 2.78b 
Vermiculite 2. 85ab 2.97a 2.55c 2.89a 2.98ab 2 .85ab 
Peat:perlite 2.89ab 2.91ab 2.85a 2.84ab 3.18a 2.93a 
Pol.r:eth.r:lene 
Perlite 2. 77d 1.00c 1.35e 2.37c 1.46c 1.59e 
Vermiculite 2.00c 1.02c 1.75d 2. 25d 1.41c 1.69d 
Peat:perlite 2.96a 1.02c 1.70d 2.42c 1.43c 1. 91c 
Combined 
Perlite 2.24cY 1.92b 2.01c 2.56b 2.17a 2.18c 
Vermiculite 2.42b 2. ooa 2.15b 2. 57ab 2.19a 2.27b 
Peat:perl ite 2. 92a 1. 97ab 2. 27a 2.63a 2.30a 2.42a 
z,yMeans in columns followed by unlike letters are significantly 
different at 5% level using Duncan's multiple range procedure. 
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Table 10. Representative sample of maximum temperatures in the greenhouse, 
under a polyethylene covering, and for media in experiments 3 
and 4, day 1 to day 5 
Highest Noon daytime 
daytime under poly- Medium 
ambient eth~l ene temp. Sky 
Experiment Day air (°C) (C) (°C) conditions 
3 1 Jan 11 21.1 26.7 25.5 Cloudy 
4 1 Feb 8 21.1 32.2 Sunny 
3 2 Jan 12 33.9 37.8 25.9 Sunny 
4 2 Feb 9 22.8 33.3 Sunny 
3 3 Jan 13 25.6 37.2 25.8 Partly sunny 
4 3 Feb 10 22.8 33.9 Sunny 
3 4 Jan 14 21.1 26.1 24.6 Cloudy 
4 4 Feb 11 27.8 35.6 Sunny 
3 5 Jan 15 20.6 27.2 24.8 Cloudy 
4 5 Feb 12 20.0 32.2 Sunny 
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DISCUSSION 
Table 7 shows that cuttings rooted much better under intermittent 
mist than under the polyethylene tent. However, under the correct condi-
tions, propagation under polyethylene can work as well as propagation under 
intermittent mist. There are a number of different factors which alter 
the environment under the polyethylene tent and thereby affect rooting 
and plant survival. Factors such as the distance from the top of the cut-
tings to the roof of the tent, the pattern of moisture redistribution with-
in the tent, the initial moisture content of the medium, etc., can have 
very pronounced effects on environmental conditions under the polyethylene 
tent (25, 32, 56, 61). More research has to be done before any judgement 
can be made on the usability of polyethylene tent propagation and, even 
then, the advantages and disadvantages of this method must be weighed 
against the objectives the propagator is trying to achieve. 
As shown in Table 8, the polymers have little or no effect on rooting 
regardless of propagation method. One objective of this study was to de-
termine if the polymers could improve rooting under polyethylene to levels 
comparable to those under mist. No such polymer x propagation method in-
teraction occurred in most experiments and, in experiments which did have 
it, no trends of any type were noticeable. 
Media differences were noticeable both statistically and visually 
(Table 9}. Those cuttings rooted in perlite were usually the poorest in 
terms of root quality and quantity. Under the polyethylene, any detri-
mental effects of perlite were often increased (Table 9). Vermiculite and 
peat:perlite usually gave the best results overall, but under the 
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polyethylene, peat:perlite was usually the better of the two. Although 
interactions of media with polymer type and polymer concentration did 
occasionally occur, there were no consistent trends. 
The effects of seasonal changes in the environment on rooting are best 
noted in Table 7. By comparing the treatment means of experiments 1 and 
4 against those of 2 and 5, it can be noted that rooting was better in 
late spring for cuttings under intermittent mist and better in winter and 
early spring for cuttings under polyethylene. The differences in rooting 
under polyethylene are due to changes in the air temperatures under the 
polyethylene tent. During late spring, summer, and fall, ambient air tem-
peratures and solar irradiance are high enough to cause temperatures under 
the polyethylene tent to become extremely high. These high temperatures 
may be directly responsible for the death of cuttings, or they may cause 
enough tissue damage to decrease the cuttings' resistance to pathogens. 
It should be noted that in those experiments with large numbers of dead 
cuttings, some significant treatment differences may have been masked. 
Seasonal differences under mist may be attributable to the cultivar, 
since 'Bright Golden Anne' grows better under longer natural daylengths 
and moderate temperatures (13, 58). In experiment 3, rooting was reduced 
under polyethylene because an insufficient amount of water was applied to 
the media prior to the initiation of the experiment. In addition, root-
ing under both intermittent mist and polyethylene may have been negatively 
affected by the poorer quality of the cuttings that were used for that 
experiment. 
Other general observations were noted throughout the study and are 
discussed below. First, cuttings rooted under polyethylene wilted more 
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easily than their mist counterparts after being removed from their propa-
gation areas. This means that, on a commercial basis, extra care must be 
taken to insure that cuttings under polyethylene are properly "hardened-
off" before they are removed from the propagation a rea. Second, cuttings 
under polyethylene do not elongate as much as those under mist. This be-
comes an important factor to the grower using those rooted cuttings be-
cause that will affect his timing schedules, growth retardant utilization, 
final plant size, etc. Last, there was some evidence, especially with 
Viterra II, that the polymers may help prevent water stress during ship-
ping. In most experiments, cuttings removed from Viterra II amended media 
had visible particles of gelled polymer attached to their roots. During 
rooting, some roots grow through gel particles and these pa~·ticles are 
then able to supply water to the cuttings during shipping. which helps 
prevent water stress and improves cutting survival. 
44 
GENERAL DISCUSSION 
The visual scale developed in Section I is accurate in predicting 
both root length and number (Tables 2 and 3). There is some overlap be-
tween categories, especially with root numbers which occurs because in-
dividual cuttings fail to meet all of the requirements necessary to be 
rated in a higher category, and because of judgement errors by the re-
searcher. Ideally, judgement errors are kept to a minimum by counting and 
measuring marginal cuttings and making placement decisions based on those 
measurements. Table 1 gives a basic explanation of the scale and Figure 1 
shows examples of cuttings from categories 2 through 5. Results shown in 
this study are for chrysanthemum cuttings and utilization of the scale for 
other types of plants requires redefinition of the scale and redefinition 
of the root lengths and numbers on which it is based. 
Overall, the experiments done to determine the effectiveness of the 
hydrophilic polymers showed that none of them significantly influenced 
the rooting of chrysanthemum cuttings (Appendix A). In some isolated in-
stances, there seemed to be detrimental effects on rooting with SGP 104 
which are probably due to other factors which, in combination with the 
presence of SGP 104, cause some type of inhibition of rooting. The 35-B-
100 polymer showed no detrimental effects and in two experiments caused 
significant increases in root growth over the controls. Since 35-B-100 
absorbs less water per gram than the other polymers, it may yield more 
consistent increases in rooting at concentrations above those used in 
these experiments. However, any results gained must be weighed against 
the cost of using additional polymer in order to accurately assess its 
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usability. Even though Viterra II, like the other polymers, failed to con-
sistently give significant increases in root growth, it is potentially 
usable in another way. Those cuttings rooted in Viterra II amended media 
may ship better because, in most instances, they have hydrated particles 
of polymer attached to their roots. During the rooting period, the roots 
grow in and through these gel particles and, when the roots are removed 
from the medium, the particles remain attached to them. This is important 
because it may allow the propagator to remove more of the rooting media 
from cuttings before packing and allow the remaining media to dry out 
more before shipping. The propagator can thereby reduce the total ship-
ping weight without negatively affecting the condition that the cuttings 
will be in when they reach their destination. 
Media differences were statistically significant in all experiments 
and usually large enough to be of commercial concern. Appendix B gives 
media differences for the entire study showing that 60:40 peat;perlite 
yields the best results in most cases. However, for experiment 4a, a 
change in the source of the peat resulted in a drastic drop in root qual-
ity. This shows that even though 60:40 peat:perlite gave the best re-
sults, these results may not be fully applicable to other situations. 
Vermiculite in many instances gave results comparable to those of the peat: 
perlite, and vermiculite should be considered a better rooting medium be-
cause it is much more uniform from one source to the next. There are still 
problems with vermiculite because of compaction and loss of aeration, but 
if the economics are more carefully compared to those of any peat:perlite 
mix, vermiculite may prove to be the better rooting medium. 
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The use of the polyethylene tent did not give the caliber of results 
originally expected (Table 7). However, depending upon the goals of the 
propagator, this method can give satisfactory results and thereby, 
in certain instances, can be considered a viable alternative to intermit-
tent mist. The major problem with this method is that cuttings are killed 
or damaged because of high temperatures which occur under the polyethylene. 
For example, on a clear, sunny, winter day, temperatures can easily ex-
0 
ceed 35 C (Table 10). Dykeman showed that high temperatures drastically 
reduce rooting of chrysanthemum, especially temperatures in excess of 30°C 
{13). However, by using things such as shade, milky colored polyethylene, 
and increased air circulation under the polyethylene, the temperatures in 
the tent can be moderated. 
Propagation under polyethylene may be an ideal method for use in 
"direct-sticking" operations where it could save time and labor by allow-
ing propagation throughout the greenhouse without using mist, and thereby 
eliminating mist lines which may obstruct other operations. In addition, 
propagation under polyethylene will always have its own special niche with 
those plants that do not root well under intennittent mist (11, 60, 68). 
Cultivar differences do occur with chrysanthemums and data from 
Table 6 are a verification of this point. These cultivar differences are 
generally not changed by alteration of environmental conditions or changes 
in rooting media (Table 5). 'Yellow Mandalay' shows smaller changes in 
rooting response due to season (Table 6), v1hich suggest that it may root 
better under a polyethylene tent than 'Bright Golden Anne'. 'Improved 
Mefo' may also root well under polyethylene because it grows better during 
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the spring and summer, which indicates that, like •ve11ow ~1andalay•, it 
may be more tolerant of the high temperatures which may be present under 
the polyethylene tent. 
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sur~~1ARY AND CONCLUSIONS 
The visual rating scale developed as a part of this study can be a 
very useful tool for researchers to detect differences in the root quality 
of cuttings. This scale will allow researchers to use larger numbers of 
observations, replications and/or treabnents without creating an excessive 
amount of labor. The scale will also allow them to use those propagation 
procedures which make it easier to make inferences about commercial appli-
cability fror:1 their experiments. 
The use of mist, in its various forms, is still probably the most 
appropriate propagation method available, but other propagation methods 
have a place as well. Propagation under polyethylene is a good method 
that will probably increase in usage as horticultural crops and growing 
practices continue to change with time. 
Hydrophilic polymers have a number of uses and innovative people are 
always finding new uses for them. The use of hydrophilic polymers in the 
propagation of chrysanthemums showed little promise, but this may be due 
to the nature of the plant itself. These polymers may be more useful for 
other crops which are less vigorous than chrysanthemums and root more 
slowly. Before this use can be entirely ruled out, more research needs to 
be done with a variety of plants. 
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APPENDIX A 
Table 11. Summary of Tables 4 and 8. Mean root quality values for cuttings rooted in media amended 
with three hydrophilic polymers vs. unamended controls. Combined means over all treat-
ments 
Pol ,liner 3 Cultivar experiments Pol,lethylene vs. mist experiment 
l1a 2a 3a 4a 5a Combined I 11b 2b 3b 4b 5b Combined I 
35-B-100 
2.76az 2. 72ab 2.93a 2.62b 2.80a 2. 77ab 2.62a 1.98a 2.21a 2.56b 2.30a 2.33a 
SGP 104 
2. 75a 2.71b 2. 77b 2.65b 2. 77a 2.73b 2.35b 1.96a 2.19a 2.53b 2.22a 2.23b 
Viterra II 
2. 79a 2.80a 2.89a 2.74a 2. 79a 2.80a 2.58a 1.95a 2.09b 2.69a 2.16a 2.31a U1 
0'1 
Controls 
2. 79a 2.81a 2.66b 2.57b 2.79a 2. 72b 2 .66a 2.01a 1. 91c 2.54b 2.21a 2. 26ab 
zMeans in each column followed by unlike letters are significantly different at the 5% level 
using Duncan's multiple range procedure. 
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APPENDIX B 
Table 12. Summary of Tables 5 and 9. Mean root quality values for cuttings rooted in perlite vs. 
vermiculite vs. 60:40 peat:perlite. Combined means over all treatments 
Medium 
rla 
Perl i 
3 Cultivar Experiment 
Combined I 2a 3a 4a 5a 
2.64cz 2.62c 2.67b 2.70b 2.69c 2.66c 
Vermiculite 
2.72b 2.72b 2.89a 2.79a 2.77b 2.78b 
60:40 Peat:perlite 
2.95a 2.90a 2.98a 2.49c 2.9la 2.85a 
Po 1 yethyl ene vs. mist experiment 
4b 5b Combined! 2b 3b 
2.24c 1.92b 2.0lc 2.56b 2.17a 2.18c 
2.42b 2.00a 2.15b 2.57ab 2.19a 2.27b 
2.92a 1.97ab 2.27a 2.63a 2.30a 2.42a 
zMeans in each column followed by unlike letters are significantly different at 5% level 
using Duncan's Multiple range procedure. 
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